Attention refers to the mechanisms involved in the selection of those portions of the available sensory information that will receive processing priority. Two sources of control over attentional selection have been distinguished. Attention may be captured by a salient visual event (stimulusdriven, or bottom-up, control of attention), or attention may be directed to objects that possess task-relevant properties (goal-directed, or top-down, control of attention). There has been considerable debate over how these factors interact to determine processing priority (for recent reviews, see Rauschenberger, 2003; Ruz & Lupiáñez, 2002) . Theeuwes (e.g., 1992) proposed that in parallel search, attention is automatically directed to the most salient object. He showed that when observers are engaged in parallel search for a particular singleton (e.g., a unique circle among diamonds), an irrelevant singleton that is more salient than the target singleton (e.g., a red element among green ones) interferes with search, even though the observers know that they have to ignore the irrelevant singleton. On the basis of such findings, Theeuwes (1992) concluded that parallel search 1 is driven exclusively by bottom-up factors, because knowledge of the target feature failed to override bottom-up interference from the most salient item in the display.
up to three identical target shapes on each trial (Experiment 2) or up to two different unique shapes in addition to the unique target shape (Experiment 3), so that the target was the unique shape singleton on only one third of the trials. These manipulations ensured that the target could not be found by simply looking for a singleton. As a result, the disruption caused by the unique distractor disappeared, even on the minority of trials in which the target was the unique shape singleton. They concluded that irrelevant singletons may or may not cause distraction during parallel search for a known singleton target, depending on the search strategy employed. Bacon and Egeth's (1994) findings are important because they refute the idea that capture by irrelevant singletons in parallel search results from purely bottom-up processes (e.g., Theeuwes, 2004) and suggest, instead, that attentional priority depends on task requirements (see Folk, Remington, & Johnston, 1992 , for a similar view). Although the distinction between the singleton detection and the feature search modes provides a reasonable explanation for Bacon and Egeth's results and for various other findings in the literature (e.g., Folk, Leber, & Egeth, 2002; Lamy, Leber, & Egeth, 2004; Lamy & Tsal, 1999; Lamy, Tsal, & Egeth, 2003; Leber & Egeth, 2003 Ruz & Lupiáñez, 2002; yantis & Egeth, 1999 ; but see Theeuwes, 2004) , several of its aspects remain open for further enquiry.
First, the singleton detection mode is assumed to be a default search mode. Indeed, subjects are assumed to use the singleton detection mode when the feature search mode is also available, although the latter is more attractive from a probabilistic viewpoint than is the singleton detection mode: It would guide attention directly to the target on 100% of the trials, whereas the singleton detection mode would direct attention to the wrong singleton on 50% of the trials. What might explain this behavior? Bacon and Egeth (1994) suggested that the singleton detection mode may be cognitively less demanding. This might imply that the singleton detection mode leads subjects to the target more quickly than does the feature search mode. However, reaction times (RTs) in the no-distractor condition did not actually appear to be shorter in Bacon and Egeth's Experiment 1, in which the subjects were assumed to have used the singleton detection mode, than in their Experiments 2 and 3, in which they were assumed to have used the feature search mode. But because the different conditions were run on different subjects in different experiments, such comparisons may not be sufficiently informative.
Second, a strong interpretation of the notion of a default singleton detection mode implies that when the target shape is known and is always a unique singleton (i.e., when singleton-ness is also a defining feature of the target), attention is directed to the most salient item in the display (singleton detection mode), regardless of whether or not this item possesses the target shape. The same mechanism is thus assumed to underlie search for a known singleton and search for an unknown singleton.
Findings presented by Bravo and Nakayama (1992) argue against the latter assumption and suggest that search for a known singleton is different from search for an unknown singleton. These authors (see also Egeth, Jonides, & Wall, 1972 ) compared subjects' performance on two different conditions of search for a pop-out target (e.g., a single red target among green nontargets). In the blocked condition, the target and nontarget colors were known and did not vary throughout a whole block of trials. In the mixed condition, the target and nontarget colors were switched unpredictably from trial to trial. The pattern of results in the two conditions differed on two notable aspects. First, RTs were substantially shorter (by about 100 msec) in the blocked than in the mixed condition. Second, whereas in the blocked condition RTs remained constant as the number of nontargets increased, a negative slope was observed in the mixed condition. Bravo and Nakayama (1992) concluded that the mechanism that one uses to perform a pop-out search task depends on whether or not the target feature is known. Specifically, in the blocked condition, subjects use a feature-based strategy in which attention is guided by knowledge of the target feature. In the mixed condition, in which the target feature switches unpredictably from trial to trial, subjects use a salience-based strategy in which attention is directed to the most salient object in the visual field.
To summarize, Bacon and Egeth (1994) suggested that search for a known singleton is not guided by knowledge of the target feature but by knowledge that the target is a singleton and based this conclusion on the differential effects of an irrelevant singleton on search performance in the singleton detection (Experiment 1) versus feature search (Experiments 2 and 3) conditions. Bravo and Nakayama (1992) reached the opposite conclusion on the basis of differences in RTs and slopes between the mixed and the fixed conditions: They proposed that search for a known singleton is not guided by stimulus-driven salience but exclusively by knowledge of the target feature. A series of experiments conducted by maljkovic and Nakayama (1994) seems to resolve this apparent contradiction. maljkovic and Nakayama (1994) overturned Bravo and Nakayama's (1992) conclusion by proposing that the dramatic RT advantage observed in the blocked condition, relative to the mixed condition, does not result from explicit knowledge of the target feature but from intertrial repetition effects. In a series of experiments involving several variants of Bravo and Nakayama's mixed condition, maljkovic and Nakayama (1994) showed that performance is enhanced if the target has the same feature on consecutive trials. They found such repetition effects, which they called "priming of pop-out" (henceforth, PoP), to cumulate over up to eight consecutive same target feature trials, at which point performance reaches the RT level observed in the blocked condition. On the basis of this new set of data, these authors concluded that the same salience-based mechanism underlies pop-out search, whether or not the target feature is known. 2 This conclusion converges with Bacon and Egeth's assumption that subjects use the singleton detection mode and do not exploit explicit knowledge of the target feature when this is available, as long as the target is always a singleton.
The PoP phenomenon has proved to be a robust phenomenon (e.g., Goolsby & Suzuki, 2001; Hillstrom, 2000; Hodsoll & Humphreys, 2001; Wolfe, Butcher, Lee, & Hyle, 2003) . In contrast, there is weaker support for maljkovic and Nakayama 's (1994) claim that the mechanism underlying search is the same whether the target feature is known or unknown and that the shorter RTs observed in the former type of search can be entirely accounted for by PoP effects. Three considerations lead us to question such a claim.
First, in an experiment modeled after maljkovic and Nakayama's (1994), Hillstrom (2000, Experiment 2) observed that repetition priming of a moderately salient target-defining feature, on the orientation dimension, did not cumulate over several consecutive trials. That is, multiple consecutive repetitions had no stronger effect than did a single repetition, which decreased mean RTs from approximately 1,150 to 1,050 msec. However, RTs on such repeated target feature trials in the mixed condition remained strikingly longer than RTs in the blocked condition (1,050 vs. 720 msec, respectively). Thus, there remained an RT advantage when the target feature was known, relative to when it was unknown, that was not eliminated by PoP.
Second, closer scrutiny of the findings presented by maljkovic and Nakayama (1994) suggests that they might result from an artifact in the procedure used. In their Experiment 7, these authors showed that when cumulative priming reached its asymptote, RTs in a variant of the mixed condition did not differ from RTs in the baseline, blocked condition. However, in the mixed condition used in maljkovic and Nakayama's (1994) experiment, the probability of a target feature change on the next trial was much lower than the probability that the target feature would remain the same. Indeed, subjects were run on sequences of same-color trials of variable lengths (2, 6, and 10 for one subject and 4, 8, and 11 for the other subject). It follows that, on average for the first subject, for instance, there was a probability of 3/18 for a target feature change and of 15/18 for a same-color target on the next trial. Thus, it is possible that expectancy effects affected performance, in addition to PoP effects. In that case, cumulative repetition effects would not account for all the difference between the target feature known and the target feature unknown conditions. 3 Our third consideration is that assuming that PoP can account for the RT difference between the blocked and the mixed conditions despite the foregoing reservations, it is not clear how PoP also accounts for the difference in search slopes between the two conditions. Remember that Bravo and Nakayama (1992) had observed that RTs decreased as the number of nontargets (and therefore, display density) increased in the mixed condition, whereas RTs remained constant in the blocked condition (for replications of this finding, see maljkovic & Nakayama, 1994, Experiment 1; Wolfe et al., 2003) . This observation fits nicely with Bravo and Nakayama's initial account, according to which search in the mixed condition was driven by local contrast and, therefore, improved with increased display density, whereas search in the blocked condition was guided by top-down knowledge of the target feature and was, thus, insensitive to density effects. But why this difference in slopes if search was salience-based in both conditions, as Bacon and Egeth (1994) and maljkovic and Nakayama (1994) claimed? One would have to assume that PoP interacts with display size-namely, that density effects wane with more repetitions. Because the studies investigating PoP either did not involve display size manipulations (e.g., Hillstrom, 2000; maljkovic & Nakayama, 1994) or did not report repetition effects as a function of display size (e.g., Wolfe et al., 2003) , it is not known at this point whether there is, indeed, such an interaction.
The objective of the present study was to test the notion of a default singleton detection mode that is blind to additional feature information-that is, in operational terms, to test the idea that the same mechanism (the singleton detection mode) underlies pop-out search when the target feature is known (blocked condition; henceforth, the fixed singleton condition) and when it is unknown (mixed condition; henceforth, the mixed singleton condition) and that this mechanism is faster than search guided by the target's known feature (the feature search mode).
ExpErimEnt 1
We compared the three different types of search studied by Bacon and Egeth (1994) and maljkovic and Nakayama (1994) in a within-subjects design. Our experimental strategy was similar to that of these authors, in that we manipulated the search strategies available for finding the target but compared performance on exactly the same displays in each condition.
In the mixed singleton condition, the target and nontarget shapes were randomly switched across trials, as in Bravo and Nakayama's (1992) mixed condition. In the fixed singleton condition, the target and nontarget shapes remained constant throughout the block, as in Bravo and Nakayama's fixed condition and in Bacon and Egeth's (1994, Experiment 1) replication of Theeuwes's (1992) experiment. Finally, in the multiple target condition, there were one, two, or three identical targets on each trial, defined by their known shape, as in Bacon and Egeth's Experiment 2. Displays consisted of colored circles or diamonds arranged on the circumference of an imaginary circle. A line segment (either horizontal or vertical) appeared inside each item. The subjects were required to determine the orientation of the line segment within a target item. Display size was either five or nine. All the items in the displays had the same color on distractor-absent trials (50% of the trials), and one nontarget was a color singleton on distractor-present trials (50% of the trials).
We expected to replicate previous findings. In line with Bravo and Nakayama's (1992) findings, we expected higher RTs in the mixed condition than in the fixed singleton condition and negative slopes as a function of display size in the mixed singleton condition versus flat slopes in the fixed singleton condition. We also expected to replicate the PoP effects observed by maljkovic and Nakayama (1994)-that is, shorter RTs on repeated versus switched target feature trials in the mixed singleton condition. Finally, in line with Bacon and Egeth's (1994) findings, we expected higher RTs in the distractor-present than in the distractor-absent condition in the fixed and mixed singleton conditions but no distractor interference in the multiple target condition.
In addition, we tested a number of novel predictions that follow from the proposal that subjects adopt a default singleton detection search mode when the target is a known singleton. First, if searching for the most salient element is intrinsically faster than searching for a known feature, RTs should be shorter in the fixed singleton condition than on one-target trials in the multiple target condition. Second, if PoP is to account for all the differences between the fixed and the mixed singleton conditions, RTs, search slopes, and the magnitude of distractor interference in the two search conditions should become similar on repeated feature trials.
method Subjects
The subjects were twenty-four Tel Aviv University undergraduate students who participated in the experiment for course credit. All reported having normal or corrected-to-normal visual acuity and normal color vision.
Apparatus
Displays were generated by an Intel Pentium 4 computer attached to a 15-in. TFT monitor, using 640 3 480 resolution graphics mode. Responses were collected via the computer keyboard. A chinrest was used to set viewing distance at 50 cm from the monitor.
Stimuli
Examples of the stimulus displays are presented in Figure 1 . The fixation display was a gray 0.2º 3 0.2º plus sign (1) in the center of a black background. Stimulus displays consisted of the fixation display with the addition of five or nine colored shapes, circles, or diamonds, presented equally spaced along the circumference of an imaginary circle, centered at fixation. At a viewing distance of 50 cm, the centers of the shapes were 3.4º from fixation. Display density thus increased with number of shapes. Circles subtended 1.4º in diameter, and diamonds were 45º-rotated squares, 1.6º on a side. Centered inside each shape was a white horizontal or vertical line segment (0.5º in length). There were three search conditions. In the fixed singleton condition, the target was a circle, and the nontargets were diamonds on each trial for half the subjects; for the other half of the subjects, the target was a diamond, and the nontargets were circles. Displays were identical in the mixed singleton condition, except that for each subject, the target and the nontarget shapes were switched unpredictably from trial to trial, instead of remaining constant. Displays in the multiple target condition were identical to those in the fixed singleton condition, except that rather than only one target appearing on each trial, up to three targets (each containing a line segment of the same orientation) appeared. In the distractorabsent condition, all the shapes in the display were presented in the same color. In the distractor-present condition, one of the nontargets was presented in a different color. For half of the subjects, the color singleton distractor was red (CIE coordinates, .630/.340), and the other shapes were green (CIE coordinates, .280/.591). This color assignment was reversed for the other half of the subjects. The red and green colors were matched for luminance (21 and 20.5 cd/m 2 , respectively), using a light meter (minolta ColorCAL colorimeter). All the stimuli were drawn with a 2-pixel stroke.
procedure
The subjects had to determine the orientation of the line segment inside the target shape and to respond by pressing designated keys on the computer keyboard (the "z" key for horizontal and the "3" keypad key for vertical) as quickly as possible, while maintaining high accuracy. Error trials were followed by a 500-msec feedback beep. In the mixed singleton condition, the subjects were told that the target was the shape with the unique form-that is, the unique circle among diamonds on some trials and the unique diamond Figure 1 . Examples of stimulus displays for each condition of search type and distractor presence. the thick black stroke corresponds to the color of the irrelevant singleton (red or green), and the thin gray stroke designates the color of the remaining elements (green or red, respectively). the thin black stroke was gray.
Mixed Singleton Multiple Targets Fixed Singleton
Distractor absent Distractor present among circles on other trials. In the fixed singleton condition, the subjects were told that the target shape was always the diamond (or the circle). The same instruction was given in the multiple target condition, except that the subjects were told that more than one target could be present and that, in this case, the lines within each target shape would always be the same. For any given subject, the same target shape was assigned for the fixed singleton and the multiple target conditions. Each trial began with the presentation of the fixation display. After 350 msec, it was replaced by the stimulus display, which remained visible for 2,000 msec or until response. The screen went blank for 500 msec before the next trial began. Eye movements were not monitored, but the subjects were explicitly requested to maintain fixation throughout each trial.
Design
There were three between-subjects variables: order of search condition presentation (six possible orders), target shape in the fixed singleton and multiple target conditions (circle or diamond), and distractor color (red or green). For balance, each of the 24 subjects was randomly assigned to one of the 24 possible between-subjects conditions. There were three within-subjects variables: search condition (mixed singleton, fixed singleton, or multiple target), distractor presence (present or absent), and display size (five or nine). Search conditions were presented in separate blocks of trials. Conditions of distractor presence and display size were randomly intermixed within each block of search condition. In the mixed singleton condition, the target was equally likely to be a diamond or a circle. The target shape was equally likely to appear in any of the five or nine possible locations. The distractor, when present (50% of the trials), was equally likely to appear in the remaining four or eight possible locations. The line segment inside the target shape was equally likely to be vertical or horizontal. On each trial, line orientation was randomly assigned to each shape in the display, with the constraints that the number of lines of each orientation in each display always differed exactly by one and that all the targets within a display contained the same line orientation (multiple target condition).
Each search condition began with one block of 50 practice trials, followed by one block of 240 trials. Thus, the experiment included 150 practice trials and 720 experimental trials. The subjects were allowed a rest period after each block.
results
To preview, the main findings by Bacon and Egeth (1994) and maljkovic and Nakayama (1994) were closely replicated. However, the new tests used in the present experiment did not generally support the idea of a default singleton detection mode. Figure 2 shows mean RTs on correct trials and the accuracy data for Experiment 1. Note that the data are for identical displays-that is, displays with one target-and the multiple target data for two-and three-target trials are, therefore, not shown. In all the RT analyses, error trials (6.6% of all the trials) were removed from analysis, and RTs for each subject were sorted into cells by search condition, distractor presence, and display size. RTs exceeding the mean of a given cell by more than 3.5 standard deviations were trimmed. This removed fewer than 1% of all the observations. 4
Overall Analysis
An ANOVA was conducted with search condition (mixed singleton, fixed singleton, or multiple target), distractor presence (present or absent), and display size (five or nine) as within-subjects factors. Only trials with identical displays in the three conditions were entered in this target Feature repetition Effects 5 The objective of the following analyses was to determine whether the differences observed between the mixed and the fixed singleton conditions would be eliminated or at least reduced on repeated target feature trials (PoP), as should follow from maljkovic and Nakayama's (1994) account. Accordingly, in the mixed singleton condition, we would expect RTs to diminish, slopes to become more positive, and distractor interference to be reduced when the target feature repeats.
To assess PoP effects in the mixed singleton condition, we conducted an ANOVA with target feature repetition (repetition or no repetition), display size, and distractor presence as factors. Trials with one or more target feature repetitions were included within the same level because there was an insufficient number of trials to analyze the effect of more than one repetition separately. Accuracy. The main effect of target feature repetition was significant [F(1,22) 5 17.50, p , .0004], with fewer errors on repeated target feature trials. No interaction involving this factor approached significance (all Fs , 1).
Discussion
As was expected, previous findings were replicated: (1) long RTs and a negative search slope in the mixed singleton condition versus short RTs and a flat search slope in the fixed singleton condition (Bravo & Nakayama, 1992) ; (2) priming of pop-out effects (i.e., shorter RTs on repeated than on switched target feature trials in the mixed singleton condition [PoP; maljkovic & Nakayama, 1994] ); and (3) distractor interference in the fixed singleton condition, not in the multiple target condition (Bacon & Egeth, 1994) . Note, however, that distractor interference increased with display size across the different types of search, suggesting a role for stimulus-driven salience irrespective of task demands. Specifically, in the multiple target condition, distractor interference grew from 9 msec in five-item displays to 23 msec in nine-item displays (see Lamy, Bar-Anan, Egeth, & Carmel, 2006 , for a similar finding). Although the latter effect was nonsignificant [F(1,22) 5 1.62, p .
.2], it is possible that it may reach significance with even larger set sizes (e.g., Theeuwes, 2004) .
We obtained mixed results as to the existence of a default singleton detection mechanism underlying pop-out search. On the one hand, for identical displays (one-target trials), the subjects were faster when the target was always a singleton (fixed singleton condition) than when this happened only on one third of the trials (multiple target condition), which suggests that to the extent that the subjects used a salience-based mode in the fixed singleton condition, this mode was, indeed, faster than the feature search mode. On the other hand, the mixed and fixed singleton conditions differed in mean RTs, magnitude of distractor interference, and search slopes. Although PoP reduced RT differences, it did not modulate differences in either vulnerability to distractor interference or search slopes between the two conditions.
ExpErimEnt 2
In Experiment 1, performance in the mixed and fixed singleton conditions presented several differences (overall RTs, search slopes, and magnitude of distractor interference), 6 and among these, only the overall difference in RTs was reduced by target feature repetition (PoP). However, our experimental conditions allowed us to examine the effects of only one target feature repetition. It was thus important to compare the fixed and the mixed singleton conditions using longer runs of target feature repetitions (up to three repetitions). This was the objective of Experiment 2. The extra trials needed to achieve longer runs of target feature repetition were obtained by eliminating the multiple target condition.
Note that maljkovic and Nakayama (1994) observed that PoP effects reached their asymptote after about seven repetitions. However, as was explained in the introduction, in order to achieve such long target feature repetition runs, these authors had their subjects run on sequences of samefeature trials of variable lengths, so that the probability of a target feature change on the next trial was much lower than the probability that the target feature would remain the same. With the constraint that these probabilities be identical and in the context of a multifactor experiment, it was not possible to build up enough repetitions in an hour session. We thus examined PoP effects only up to three repetitions. moreover, we anticipated that PoP effects would reach their asymptote faster in the present experiment than in maljkovic and Nakayama's (1994), on the basis of the fact that Hillstrom (2000) found PoP for a singleton defined by its unique orientation to asymptote after just one repetition and attributed this shorter cumulative effect to the lower salience of the orientation singleton, relative to the color singleton. It was reasonable to assume that the shape singletons we used here were less salient than maljkovic and Nakayama's (1994) color singletons. maljkovic and Nakayama (1994) showed that both target and nontarget feature repetition speeded search in the mixed singleton condition (Experiment 8). In the present experiment, we attempted to disentangle the effects of target and nontarget feature repetition by varying the two factors orthogonally. Accordingly, in the mixed singleton condition, the target and the nontarget shapes did not switch with one another from trial to trial but were drawn from three, rather than only two, possible shapes. We also examined the ef- fects of nontarget repetition in the fixed singleton condition by having the nontarget feature vary randomly between two possible values from trial to trial. Nontarget feature repetition could thus be used as an additional measure with which to compare the fixed and the mixed singleton conditions.
method Subjects
The subjects were 13 Tel Aviv University undergraduate students who participated in the experiment for course credit. All reported having normal or corrected-to-normal visual acuity and normal color vision.
Apparatus, Stimuli, procedure, and Design
The apparatus, stimulus displays, and procedure were similar to those used in Experiment 1 in the mixed and fixed singleton conditions, except for the following changes. There were three possible target shapes (a circle, a diamond, or a seven-point star), instead of just two (a circle or a diamond). The seven-point star could be enclosed in a circle subtending 1.6º in diameter with the points included and 1.4º with the points excluded. The multiple target condition was excluded, so that there were two search conditions (fixed and mixed singleton conditions), instead of three. In the mixed singleton condition, the target had one of the three possible target shapes, and all the nontargets had one of the two remaining shapes. Target and nontarget shapes changed from trial to trial. Thus, there were six possible target-nontarget combinations in this condition. In the fixed singleton condition, the target shape remained the same throughout the block, but the nontargets switched unpredictably from trial to trial between the two remaining shapes. The subjects were randomly assigned to one of the three target shapes. Thus, for each subject, there were two possible target-nontarget combinations in this condition.
In the mixed singleton condition, there were five possible trial sequences, each of which was defined by the number of consecutive trials with the same target shape. For each of the three possible targets, there were 4 five-trial-long sequences, 4 four-trial-long sequences, 8 three-trial-long sequences, 16 two-trial-long sequences, and 32 one-trial-long sequences. This design ensured that on any given trial, there was an equal probability that the target feature on the next trial would switch or remain the same. Because this was not true for the longest (five-trial) sequence type, for which the probability of change was 1, the corresponding trials were excluded from analysis. Thus, in contrast with the situation that prevailed in maljkovic and Nakayama's (1994, Experiment 7) study, should repetition effects be observed in the present experiment, they would not be contaminated by top-down expectancy effects. Sequence types were randomly mixed, with the constraint that there were no consecutive sequences with the same target shape. For each sequence type, there were an equal number of distractor-present and distractor-absent trials. Nontarget shape was randomly assigned on each trial.
Each search condition began with one block of 30 practice trials, followed by one block of 372 trials. Thus, the experiment included 60 practice trials and 744 experimental trials.
results
Despite the longer repetition runs used in the present experiment (up to three repetitions-that is, four consecutive trials with the same target feature), the dissimilarities between the mixed and the fixed singleton conditions were not diminished.
One subject was removed from the analysis due to a very high RT (more than 2.5 standard deviations above average RT). In all the RT analyses, error trials (6.7% of all the trials) were removed from analysis, and the RTs for each subject were sorted into cells according to search condition, distractor presence, and display size. RTs exceeding the mean of a given cell by more than 3.5 standard deviations were trimmed. This removed fewer than 1% of all the observations.
Overall Analysis
mean RTs on correct trials and the accuracy data are presented in Figure 4 . An ANOVA was conducted with search condition (mixed or fixed singleton), distractor presence (present or absent), and display size (5 or 9) as within-subjects factors. reaction times. 
target and nontarget Feature repetition Effects
Of chief interest was whether repetition effects with longer runs in the mixed singleton condition would eliminate the RT difference between the two search conditions and would interact with distractor presence and display size so as to eliminate or at least reduce the differences between the two search conditions on distractor interference and slopes. Preliminary ANOVAs on RT and accuracy data with target feature repetition (zero, one, two, or three) and nontarget feature repetition (zero, one, two, or three) as factors showed no interaction between target and nontarget feature repetitions effects (Fs , 1) . Thus, in order to increase power and examine possible interactions between repetition effects and display size or distractor presence, target and nontarget feature repetition effects were examined in separate ANOVAs. . Planned comparisons showed that for both types of repetition, three consecutive repetitions had no stronger effects than two (Fs , 1; see Figure 5 ). Obtaining average RTs after both types of repetition effects had reached their asymptotes would allow us to determine whether or not, at that point, RTs in the mixed singleton condition became comparable to RTs in the fixed singleton condition. However, we could not directly measure RTs after three target feature repetitions and three nontarget feature repetitions, because there were too few trials. In order to obtain an estimate of the maximum joint contribution of target and nontarget feature repetitions to the difference between the mixed and the fixed singleton conditions, we took advantage of the fact that the two types of repetition had independent contributions (there was no significant interaction between them). We calculated the sum of the effects of three target feature repeti- Figure 5 between the second and the third repetitions of the target feature and between the second and the third repetitions of the distractor feature were both nonsignificant (Fs , 1). moreover, the number of repetitions did not modulate the display size effect (Fs , 1). Accuracy data revealed no significant effect.
Nontarget feature repetition effects were also examined for the fixed singleton condition, but no effect involving this factor approached significance.
Discussion
The results of Experiment 2 reinforce the conclusions from Experiment 1: PoP did not eliminate the differences between the fixed and the mixed singleton conditions even after four consecutive same-feature trials. Although RTs did not seem to diminish further from two to three repetitions, additional repetitions would be necessary to ensure that PoP effects on RTs reached an asymptotic level. However, the fact that the differences in distractor interference and search slopes did not diminish over three repetitions establishes the fact that PoP cannot account for the differences on these measures.
It is noteworthy that the effects of nontarget feature repetition were significant only in the mixed singleton condition, not in the fixed singleton condition, which points to an additional difference between these conditions. This finding, however, might be idiosyncratic to the procedure used in the present experiment. In the mixed singleton condition, the target on one trial sometimes became the nontarget on the next trial, or vice versa, whereas in the fixed singleton condition, the target and the nontarget features were never exchanged. Thus, negative priming effects might have inflated the effect of nontarget feature repetition in the mixed singleton condition, relative to the fixed singleton condition. 7 In order to address this concern, we computed nontarget feature repetition effects in the mixed singleton condition (Experiment 3), while excluding trials that were potentially contaminated by negative priming effects. This analysis revealed a 29-msec facilitation on repeated nontarget feature trials, but although this effect was in the expected direction, it did not reach significance [F(1,11) 5 2.95, p . .1]. It would be important to further examine this issue because earlier reports of nontargetfeature repetition effects (maljkovic & Nakayama, 1994, Experiment 8) may have been contaminated by top-down expectancies. Indeed, in that study, the probability that the nontarget feature would be repeated on the next trial was considerably higher than the probability for a different nontarget feature trial. Thus, it is not clear at this point whether nontarget feature repetition in pop-out search indeed facilitates performance.
GEnErAL DiScUSSiOn
The results of two experiments replicate the basic phenomena observed in earlier research on singleton search (e.g., Bacon & Egeth, 1994; Bravo & Nakayama, 1992; maljkovic & Nakayama, 1994; Theeuwes, 1992) . However, the novel findings reported in the present study challenge the current interpretations of these phenomena. They call for a reassessment of the distinction between the singleton detection and the feature search modes and cast new light on the role of intertrial memory processes in visual search.
reassessment of the notion of a Default Singleton Detection mode
The present results clearly do not support the notion of a default singleton detection mode that is blind to additional feature information or the claim that the same saliencebased mechanism underlies search for a singleton target whether its specific feature is known (fixed singleton) or unknown (mixed singleton) to the observer (e.g., Bacon & Egeth, 1994; maljkovic & Nakayama, 1994; Theeuwes, 1992) . Indeed, performance in the two types of search differed in several ways. mean RT was higher and distractor interference was larger in the mixed singleton than in the fixed singleton condition. moreover, the search slope was negative in the mixed singleton condition but flat in the fixed singleton condition.
In contrast to maljkovic and Nakayama's (1994) suggestion, intertrial feature repetition effects did not eliminate these differences. They did not interact with either display size or distractor presence and did not, therefore, even reduce the differences between the mixed and the fixed singleton conditions on these measures. moreover, although intertrial feature repetition effects substantially shortened mean RTs in the mixed singleton condition, these remained considerably longer than those in the fixed singleton condition (Experiment 2). Because we examined the effects of only up to 3 repetitions, the possibility remains that with more repetitions, the differences between the fixed and the mixed singleton conditions might disappear. This would imply that in addition to a short-term component (due to short-lasting contributions from individual trials) that does not affect search slopes and distractor interference, repetition effects might also have a long-term component (due to nonlinear effects from many repetitions) that does affect search slopes and distractor interference. 8 This account of the present data seems unlikely for two reasons. First, the typical curve depicting PoP effects is a power function, with improvement in performance being large on the first repetitions and smaller as the number of repetitions increases (with up to 10 repetitions in maljkovic & Nakayama 's [1994] study). Second, should one observe the hypothesized long-term repetition effects, it would seem reasonable to attribute such long-term effects to a change in strategy, rather than to repetition effects: With enough repetitions, subjects might be induced to expect the target feature to remain constant.
The absence of an interaction between distractor interference and target feature repetition appears to be directly at odds with recent findings by Pinto, Olivers, and Theeuwes (2005) . Their study was similar to the present Experiment 1 but included only the fixed and mixed singleton conditions. They found that on repeated target feature trials, interference by an irrelevant distractor was markedly reduced, relative to switched feature trials in the mixed singleton condition, and of the same magnitude as the interference observed in the fixed singleton condition. Thus, in that study, PoP appeared to eliminate the difference in the magnitude of distractor interference between the fixed and the mixed singleton conditions.
The main difference between Pinto et al.'s (2005) study and ours is that the distractor-present and distractor-absent conditions were presented in separate blocks in their experiments, whereas in ours, they were intermixed within blocks of trials. It should be noted that using a blocked design entails that task demands are likely to differ between the blocked conditions. Our objective, as well as Pinto et al.'s, was to evaluate the role of top-down factors in search for a known singleton target, so that it was imperative that task demands be kept strictly identical in all the relevant conditions. Accordingly, because the subjects' attentional set may have been different in the distractor-present and the distractor-absent conditions, Pinto et al.'s results are not informative as to whether repeating the target feature reduces distractor effects. Instead, they are informative as to the modulation of PoP by task demands. Indeed, they showed that PoP effects were substantially larger in the distractorpresent block than in the distractor-absent block, which indicates that the attentional set induced by the presence of a distractor on each trial enhanced PoP effects.
On the basis of the claim that performance in the fixed and the mixed singleton conditions became similar with respect to distractor interference after one repetition of the target feature, Pinto et al. (2005) concluded that the same salience-based mechanism underlies the two conditions and that no feature-based guidance operates in search for a known singleton. However, in their study, RTs in the mixed singleton condition on repeated target feature trials remained substantially higher than those in the fixed singleton condition. Pinto et al. attributed this difference to postselective factors-namely, to the comparison of the selected item with a target template in visual short-term memory (Duncan & Humphreys, 1989) . Note that this account implies a very inefficient mechanism. On the one hand, search for a singleton is assumed to rely exclusively on a salience-based mechanism, with no role for top-down knowledge even when it uniquely specifies the target. But on the other hand, subjects are assumed to engage in a feature-based template-matching process after the target has been selected. In the absence of corroborating evidence, this postselective account remains speculative. To conclude, then, although the findings reported by Pinto et al. bring into light the role of task demands on PoP, they do not offer strong support for the idea that feature-based guidance plays no role in singleton search, because in their experiments, (1) differences in task demands between the distractor-present and the distractor-absent conditions did not allow one to assess the effects of PoP on distractor interference and (2) PoP effects did not account for all the RT difference between the fixed and the mixed singleton conditions.
In the present study, we observed considerable repetition effects, but these did not eliminate all the differences between the fixed and the mixed singleton conditions. Since stimulus-driven factors (displays) were identical in the three conditions, can we conclude that the remaining differences in performance should be attributed to strategic factors? A closer look at the data suggests that we can. Recently, Egeth (2003, 2006) reported strategic carryover effects from one block of trials to the next in singleton search. Specifically, in search for a known singleton (fixed singleton condition) where two different attentional sets could guide subjects to the target (knowledge of the target feature and knowledge that the target is a singleton), the subjects appeared to remain with the attentional set that they were forced to use in the preceding block (salience based vs. feature based). In the present study, the differences between the fixed and the mixed types of singleton search that were not modulated by intertrial repetition effects were distractor interference and search slopes. Finding that these effects are influenced by the search condition in the preceding block would support the claim that attentional set (or top-down factors) account for the differences between the fixed and the mixed singleton conditions that were not modulated by repetition effects. To examine this issue, we compared distractor presence and display size effects in the fixed singleton condition when this condition had immediately followed the mixed singleton condition versus the multiple target condition in Experiment 1. The interaction between previous block (mixed singleton vs. multiple target) and distractor presence approached significance [F(1,15) 5 3.24, p , .1], with a tendency for target interference in the fixed singleton condition to be larger after the mixed singleton than after the multiple target condition (42 vs. 4 msec, respectively) . The interaction between previous block and display size also approached significance [F(1,15) 5 4.02, p , .07], with a tendency for steeper search slopes in the fixed singleton condition following the multiple target condition than following the mixed singleton condition (5.25 vs. 0.75 msec/item, respectively). These data suggest that attentional set plays a role in singleton search. However, because the relevant effects only approached significance and resulted from post hoc comparisons, further research is needed to establish this role.
Taken together, the present findings are consistent with the idea that subjects take advantage of the two sources of knowledge available-that is, that they search for a discontinuity and for a specific feature. Accordingly, these findings can be interpreted as follows. (1) RTs were shortest in the fixed singleton condition because this condition benefited from two, rather than only one, source of guidance. (2) The magnitude of distractor interference was intermediate in the fixed singleton condition because the attentional weight allocated to singletons in the fixed singleton condition was smaller than that in the mixed singleton condition and larger than that in the multiple target condition. (3) Increasing the number of nontargets (i.e., display density) rendered search based on salience faster, whereas it slightly slowed search based on feature, so that search based on both types of knowledge exhibited virtually flat slopes.
In line with Bacon and Egeth's (1994) main thrust, the present study supports the notion that search can be guided by knowledge that the target is a singleton, thus arguing against the idea that salience affects search in a purely stimulus-driven fashion (e.g., Kim & Cave, 1999; Theeuwes, Atchley, & Kramer, 2000) . However, we also found that this set can be used concomitantly with a set for a specific feature, which disqualifies it as a distinct search mode (singleton detection mode) that is mutually exclusive with a set for a specific feature (feature search mode).
A role for Stimulus-Driven Salience in Feature Search mode
The present results contradict the notion of a feature search mode that is impervious to stimulus-driven salience effects (e.g., Bacon & Egeth, 1994; Folk & Remington, 1998; Lamy & Tsal, 1999; yantis & Egeth, 1999) . Indeed, in the multiple target condition, distractor interference, although absent in low-density displays, emerged in highdensity displays, indicating that stimulus-driven salience affected performance (see Theeuwes, 2004 , for a similar finding). It is also consistent with the notion of attentional misguidance by irrelevant singletons (Todd & Kramer, 1994; yantis & Egeth, 1999, Experiment 3) and with the effects of salience on interference by a distractor singleton on the task-relevant dimension (Lamy et al., 2004) . However, Bacon and Egeth (1994, Experiment 2) failed to observe such density effects with similar displays, display sizes, and task. It is not clear at this point what differences between our study and theirs might account for this discrepancy.
Finally, the present findings also argue against Theeuwes's (2004) alternative account of the absence of singleton distractor interference reported by Bacon and Egeth (1994, Experiments 2 and 3) in feature-guided search. Theeuwes (2004) suggested that subjects adjust the size of their attentional window according to task demands. When searching for the target is difficult (for instance, because of target-nontarget heterogeneity), search is partly serial, whereas when search is easy, the attentional window can encompass the whole visual field, and search is therefore parallel. He showed that with large display sizes (12 and 20), search for a nonsingleton shape (a diamond among one square, one triangle, and 9 or 17 circles) was parallel and significantly slowed by the presence of an irrelevant color singleton (Experiment 1). In contrast, the same search with smaller display sizes (2 and 6 circles, instead of 9 and 17) was slightly positive (about 12 msec/ item) and insensitive to the presence of an irrelevant singleton. However, this account cannot accommodate our data, since we reported an instance of parallel search (i.e., a search slope not significantly different from 0) with no distractor interference. Indeed, in Experiment 1, mean search slope in the multiple target condition was 6.5 msec (F , 1), and distractor interference was 9 msec (F , 1; see also Leber & Egeth, 2003) . In order to further test Theeuwes's (2004) idea that distractor interference in search for a nonsingleton target is contingent on flat search slopes, we also calculated the correlation between search slope and distractor interference in the multiple target condition in the present Experiment 1. The mean search slope and the interference score were calculated for each subject, and the correlation was calculated across subjects. This correlation should be negative if distractor effects diminish with more positive search slopes. The correlation approached significance (r 5 .48, p , .06), but the relationship was in the direction opposite of that predicted by Theeuwes's (2004) account; that is, interference tended to be larger for subjects who displayed steeper search slopes.
intertrial memory processes in Visual Search
The recent literature suggests that various intertrial memory processes play an important role in guiding visual search (e.g., contextual cuing, Chun & Jiang, 1998; dimensional weighting, müller, Heller, & Ziegler, 1995; negative priming, DeSchepper & Treisman, 1996; see Shore & Klein, 2000, for a review) . In this article, we have focused on one class of such intertrial memory processes: priming of pop-out (Goolsby & Suzuki, 2001; Hillstrom, 2000; Hodsoll & Humphreys, 2001; maljkovic & Nakayama, 1994 maljkovic & Nakayama, , 1996 maljkovic & Nakayama, , 2000 Wolfe et al., 2003) . We replicated the basic PoP finding in both experiments. maljkovic and Nakayama , 2000 mcPeek, maljkovic, & Nakayama, 1999) attributed PoP effects to the operation of a short-term implicit memory system that speeds the deployment of attention and execution of saccadic eye movements to a repeated attention-driving feature. However, these authors did not specify the stage in attentional deployment that is affected by PoP. As has been noted by Wolfe et al. (2003) , PoP cannot affect attentional priority ranking in pop-out search, because search slopes are typically null or negative, which indicates that attention is almost always deployed to the target first. In order to explain why search tasks with similar near-zero slopes have markedly different mean RTs (e.g., mixed vs. fixed singleton conditions in the present study), Wolfe et al. proposed that RT might be based on the salience of the difference between the target and the nontargets (signal-to-noise, or S/N, ratio), rather than being based simply on the rank order position of the target on a list of the salience or activation of items. In other words, even with S/N ratios high enough to ensure that the target is the first item attended to, an increase in the S/N ratio would result in shorter RTs. Within this conceptual framework, Wolfe et al. further suggested that PoP increases the signal emanating from a repeated feature and, thus, speeds mean RTs without affecting search slopes, which is precisely the pattern of results we observed.
According to this view, PoP should also reduce the effects of any factor that increases noise. However, this is not what we found: PoP did not reduce the very large distractor interference observed in the mixed singleton condition. This finding suggests that although the signal emanating from the irrelevant singleton was stronger than that emanating from the target (hence, the cost associated with the irrelevant singleton presence), this difference was not reduced when the target feature benefited from PoP. It follows that PoP may not affect the S/N ratio 9 but, perhaps, the speed at which attention can be moved to the target location, after this move has been programmed on the basis of attentional weights or the S/N ratio. nOtES 1. In this article, a parallel search will be operationally defined as a search for which performance does not deteriorate as the number of nontargets increases.
2. It is important to note that the logical basis for this conclusion is contestable. Even if performance in search for a known singleton could be shown to be indistinguishable from performance in search for an unknown singleton after repetition effects are taken into account, it would not necessarily imply that the same mechanism underlies the two types of search. Such a finding might simply indicate that when top-down factors are not available to guide search, implicit memory processes (active in the mixed condition) yield facilitation effects of the same magnitude as top-down knowledge of target feature used in the blocked condition. In the present article, we will show that repetition effects alone cannot account for all the differences between the different search conditions we will examine. Accordingly, we will not have to come to grips with this criticism of maljkovic and Nakayama's (1994) inferences.
3. maljkovic and Nakayama (1994) rejected the possibility that expectancy of the upcoming color played any role in the difference between the blocked and the mixed conditions (Experiments 2 and 4). However, although their results indeed suggest that PoP played a more significant role than did expectancy, they do not allow one to conclude that expectancy played no role.
4. In both experiments, preliminary analyses showed no main effect of order of search condition for either the RT or the accuracy data, but the interaction between this factor and search condition was significant for the RT data. This effect is attributable to practice: Any given search condition was faster when it was presented at a later stage in the experiment. The data were, therefore, collapsed across search condition orders.
5. In this experiment, the effects of target feature repetition are confounded with the effects of nontarget feature repetition, because these features are randomly switched from trial to trial. For the sake of simplicity, however, these effects will be referred to as target feature repetition or PoP effects.
6. Additional differences were observed on target-absent trials of a target detection task from an unpublished experiment. This experiment was identical to the present Experiment 1, except that the subjects had to detect the presence of the target, rather than to categorize the orientation of the line presented inside of it. On target-absent trials, in which PoP could play no role, RTs were much higher in the mixed than in the fixed singleton condition. moreover, whereas search was faster on target-present than on target-absent trials in the fixed singleton and multiple target conditions, the reverse was true in the mixed singleton condition. The pattern of performance on target-present trials was qualitatively identical to that obtained with the discrimination task used in Experiment 1-namely, significant PoP effects were observed, but they did not close the gap between the fixed and the mixed singleton conditions in terms of overall RTs and distractor interference (search slopes were null). Although these findings are consistent with the conclusions from Experiment 1, it may be important to keep in mind that the role of PoP might be different in detection tasks and in discrimination tasks. Indeed, the latter tasks require that attention be focused on the target, whereas in the former tasks, subjects may remain in a state of distributed attention and simply judge whether or not a discontinuity is present in the display. (We thank an anonymous reviewer for this suggestion.) 7. Note that such an alternative account based on negative priming may also apply to target feature repetition effects (Experiment 2) and overall PoP effects (Experiment 1). We are currently investigating this issue.
8. We thank an anonymous reviewer for this suggestion. 9. Hillstrom (2000) arrived at a similar conclusion on the basis of the finding that target feature repetition did not reduce the positive slopes generated by a conjunction search. However, in her study, subjects were required to search for one of two possible targets presented in a totally predictable sequence. This task is fundamentally different from the mixed singleton condition in which there is only one target definition, with different individual targets matching this definition. It is thus reasonable to suggest that the target repetition effects observed by Hillstrom might reflect task-switching costs, rather than PoP.
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